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Abstract 
Scanning electron microscopy was 
performed on cell cultures of embryonic 
and post-hatch chick retinas co-cultured 
with optic 1 obe neurons or in medium 
that had been pre-conditioned with optic 
lobe cells. The culture medium con-
sisted of Eagles Basal Medium supple-
mented with glucose, fetal 'calf serum, 
glutamine and bicarbonate. Application 
of colchicine (Sµg/ml) to the cultures, 
encouraged the dissociation of retinal 
cell rosettes and optic lobe neuron 
aggregates, thereby allowing us to exam-
ine differentiation of isolated photo-
receptor cells. Over time, developing 
photoreceptor cells gradually took on 
the morphological characteristics of 
rods and cones in the post-hatch chick: 
cells were polarized having a single 
neurite on one end of the cell and inner 
and outer segment-like structures on the 
other end. Developing cone cells elab-
orated an oil droplet and filopodial-
1 ike processes at the apical end of the 
inner segment. The latter may corres-
pond to the calycal processes which 
normally envelop the basal 1/3 of the 
outer segment. The sequence of events 
noted in vitro parallel those previously 
reported in vivo. 
Key words: Photoreceptor, retina, in 
vitro, differentiation, chicken, scan-
ning electron microscopy, cones, rods. 
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Introduction 
A cell culture system which encour-
ages growth and differentiation of 
chicken photoreceptor cells has been 
recently adapted by Spoerri et al. 
(10,11). Embryonic cells from normal or 
a retinal mutant strain (12,14) grown in 
the presence of optic lobe neurons or in 
medium preconditioned with optic lobe 
cells formed rosettes and exhibited 
characteristics of differentiating ret-
inal cells during this time period. 
When colchicine was added to the culture 
medium after 6 days in vitro, retinal 
cell rosettes dispersed irreversibly 
(3,4) and cells continued to develop 
either singly or intermingled with optic 
lobe neurons ( 10). 
This system therefore allows obser-
vations to be made on specific popula-
tions of developing retinal cells. In 
the present study, we describe morpho-
genesis of photoreceptor cells in vitro 
using the scanning electron microscope. 
These cells are easy to identify early 
in development and are of interest in 
studies and characterization of several 
types of hereditary blindness. We also 
de s c r i be morph o I o g y o f mature , 1 0 day 
post-hatch photoreceptor cells main-
tained in vitro for several days. 
Materials and Methods 
Tissue Culture 
Fertile chicken eggs were incubated 
in a force-draft, automatic rotating 
incubator until day 8 of incubation. At 
that time, embryos were dissected and 
neural retina was freed from adhering 
retinal pigment epithelium and isolated 
in Hanks balanced salt solution (HESS). 
Retinal tissue was rinsed and minced in 
+l +2 Ca - and Mg -free HESS and incubated 
at 37°C for 5 min in 5 ml of 0.1% tryp-
sin in phosphate buffered saline (PBS), 
and the reaction stopped with 2-3 vol-
umes of medium containing 20% fetal calf 
serum (FCS). After trituration with a 
Pasteur pipette and centrifugation, the 
cells were resuspended in Eagle's Basal 
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Medium containing 2.2 mg/ml bicarbonate, 
2 rrM glutamine, 5.0 g/L D-glucose and 
10% FCS. The cell suspensios1 was di-
luted to approximately 2 x 10 cells/ml 
fresh culture medium per 35 mn culture 
dish (Corning). The culture dishes 
contained Thermanox (Lux) covers lips 
precoated with either rat tail collagen 
( S i gma ) o r O • 1 mg / m I po I y - L - o r n i t h i n e . 
To this preparation we then added either 
equal numbers of dissociated optic lobe 
cells or medium in which dissociated 
optic lobe cells had been grown for 3-4 
days. 
After 6 days culturing at 37°C in an 
atmosphere of 5% co2 -95% air, cultures 
were treated with 5 µg/ml colchicine 
for 30 min at 37°c to disrupt retinal 
rosettes that had formed. Following 2 
washes in medium, cultures were reincu-
bated for an additional 1-4 days and 
processed for SEM. Both before and 
after treatment with colchicine, cul-
tures were periodically removed, photo-
graphed under phase contrast LM and 
processed for SEM. 
In order to compare morphology of 
differentiated embryonic cells with 
mat u re p ho tore c e pt or s , re t i n as f r om 1 0 
day old (post-hatching) normal chicks 
were dissociated as described (10) and 
seeded in poly-D-lysine (0.1 mg/ml; 
Sigma) coated dishes containing the same 
medium as the embryonic mixed cultures. 
After several days in vitro, coverslips 
were fixed and processed in a similar 
manner as the embryonic cultures. 
Scanning Electron Microscopy 
After decanting culture medium from 
the dishes, fresh fixative (2.5% glutar-
a 1 de h yd e i n O • 0 8 M p ho s p ha t e bu f f e r , pH 
7.2) was added for 30 min. Cells on 
coverslips were then post-fixed in 1% 
osmium tetroxide in 0.08 M buffered 
saccharose for 1 h. After dehydration 
through a series of ethyl alcohols to 
absolute, coverslips were placed in a 
Balzers Union Critical Point Dryer 020 
and dried using carbon dioxide as the 
transition fluid. Following mounting on 
S EM s t u b s , a 1 0 - 2 0 nm t h i ck 1 aye r o f 
gold palladium was applied in a Hurnner X 
Sputter Coater. Specimens were viewed 
and photographed in a Hitachi 450S Scan-
ning Electron Microscope. 
Results 
Fully differentiated, 10-day old 
chick photoreceptors grown in culture 
for 3-5 days demonstrated morphology 
c omp a r ab 1 e t o t he i n v i v o s t a t e ( 1 2 ) • 
Cones and rods were polarized having a 
central nuclear region, a narrow con-
necting fiber terminating in a synaptic 
swelling on one end and a broad cellular 
process (the inner segment, IS) on the 
other end terminating in a long mem-
branous outer segment (OS) (Figure 1). 
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Dimensions of OS and IS were al so com-
p a r ab 1 e t o t he i n v i v o s t a t e : r o d OS 
were 8-12 µm long and about 3-4 µm wide 
while cone were roughly half those di-
mensions. Cone outer segments were fre-
quently missing or detached from the IS 
in cultures from post-hatch specimens. 
This detachment occurred during specimen 
processing and may be due to the cones' 
more fragile OS structure and/or cilium 
or the presence of an oi 1 droplet near 
the IS apex. Calycal processes were 
frequently seen emanating from the inner 
segment to surround the base of the OS 
of rod cells (Figure la). Cones usually 
had an osmophilic oil droplet at the 
apical tip of the inner segment. The 
location of the oil droplet was easy to 
discern under the SEM, possibly due to 
high osmophilia. Sometimes the oil 
droplet appeared swollen and vesicu-
lated, however, whether this was unique 
to a specific class of cone was not 
determined. In light microscopy on 
fresh tissue, oil droplets appear col-
ored, their role being to filter various 
wave I en g t h s o f 1 i g ht. In the TEM, o i I 
droplets in the various cone types ex-
hibit various degrees of osmophilia 
(6). Thus, different cone populations 
can be differentiated by LM and TEM, but 
not with certainty in the SEM. 
Pr i or to t r eat men t w i th co 1 chi c i n e , 
embryonic retinal cells aggregated in 
typical rosette formations (Figure 2). 
However, in cultures that were reincu-
bated following colchicine treatment, 
cells frequently appeared growing singly 
(Figure 3) or in small groups (Figure 
4). 
Photoreceptor cells were first dis-
tinguished from other retinal cells 
within 24 h after colchicine treatment. 
These cells were considerably thicker 
than other cells, lacked long thin axon-
like processes and were polarized, hav-
ing one end wider and rounder than the 
other (Figure 4). Cones were more eas-
ily identified because of the apical oil 
droplet unique to this cell type in the 
chicken retina. By 48 h after treat-
ment, many short filopodial extensions 
appeared at the cells' end containing 
the oi I droplet (Figure 5). These were 
reminiscent of the calycal processes 
seen in the apical inner segment (also 
distal to oil droplets in chickens) in 
vivo (2,8,12,13). The other end of the 
cell terminated in a short, swollen 
neurite, corresponding to the synaptic 
pedicle. Ridges and wrinkles seen on 
some c e 1 1 s ( e • g • F i g u res 4 , 5 ) are pro -
cessing artifacts produced during or 
after critical point drying. 
SEM of Differentiating Photoreceptors In Vitro 
Within several days following expo-
sure to colchicine, membranous sacs were 
seen to ext end f r om the a pi ca 1 end o f 
the cell (Figures 6,7). These varied in 
size, shape and number from cell to 
ce 11. 
Discussion 
SEM on developing chick retina has 
been performed in vivo (5,7,8). In 
those studies, the same sequence of 
morphological events occurred as in the 
current study. The inner segment is the 
first region of the cell to differen-
tiate in photoreceptors, as evidenced 
primarily by genesis of specific in-
ternal organelles, such as the oil drop-
let. Next, many filopodial extensions 
grow from the apical end of the inner 
segment. These eventually encircle the 
perimeter of the apical surface and 
become organized as the calycal pro-
c e s s es • Lat er , a c i 1 i um ext ends f r om 
among the calycal processes at the IS 
apex. From the plasma membrane of the 
cilium, membranous structures are elab-
orated which become organized as a stack 
of discs in the photoreceptor outer 
segment. Oil droplets were not noted in 
those earlier SEM studies, perhaps be-
cause the gold coat covering the speci-
mens was too thick to allow reflection 
of e 1 e c t r on s f r om the o smo p h i 1 i c s t r u c -
ture. 
Chick photoreceptor differentiation 
has also been reported in vitro (1,9, 
10, 11). Sheffield and Moscona (9) des-
cribed retinal cell differentiation 
within rosettes over time. Adler (1) 
utilized primarily light microscopy and 
irnnunocytochemical localization of opsin 
to definitively identify photoreceptor 
cells in his system. However, none of 
these studies reported elaboration of 
outer segments in developing cells. In 
our culturing paradigm, further differ-
entiation of photoreceptors was evi-
denced by the presence of a large mem-
branous sac(s) which appeared to balloon 
from the apical end of the cell. This 
structure may correspond to attempted 
synthesis of outer segment disc mem-
branes and may have been encouraged by 
the presence of factors originating from 
opt i c l ob e c e l l s pre sent in the med i um. 
Normal outer segment morphogenesis in 
vivo is under the influence of overlying 
pigment epithelium and the lack of these 
cells in vitro may account for the lack 
of formation of normal membranous discs. 
The current study is the first to uti-
lize the SEM in detailed in vitro analy-
sis of photoreceptor cell differenti-
ation. 
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Figure 1. Mature photoreceptors from a 10 day old 
post-hatch chick grown in culture for 3 days. On the 
left is a typical rod cell having a long broad outer 
segment (OS) and a shorter inner segment (IS), soma 
and synaptic expanse (S). Note the band of calycal 
processes (arrowheads) that surrounds the base of the 
OS. On the right, a cone cell is identified by the 
presence of a conspicuous oil droplet (0) at the apex of 
the IS. The OS has been artifactually separated from 
the •IS and the remnant of connecting cilium and/or 
calcya! processes (arrow) remains attached to the IS. 
The soma and synaptic connecting fiber are longer 
here than in the rod cell. 
Figure 2. Typical rosette observed in retinal cell 
cultures before treatment with colchicine. The 
rosette appears as a round ball of cells having a de-
pressed central area. A few filopodia and one cell that 
may be a differentiating photoreceptor cell (arrow) 
appear at the edge of the rosette. 
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Discussion with Reviewers 
Reviewer I: Is there an effect of col-
chicine on the internal structure of the 
cells, and is the effect of colchicine 
reversible? 
Reviewer I I I : 
cells respond 
by colchicine? 
Do these photoreceptor 
in other ways to exposure 
Authors: At the ultrastructural level 
it appeared that the microtubules had 
disrupted and we saw an increase in 
number of microfilaments. This effect 
has been reported a number of times in 
the literature. The effects of col-
chicine are irreversible in our system. 
Reviewer IV: Do you believe that the 
normal formation of rosettes helps or 
hinders differentiation? 
Authors: Differentiation of retinal 
c e l l s w i th i n r o s e t t e s occur s i n a mo r e 
organized manner than in isolated cells. 
Sma I l pl ex i form l ayers are seen to de -
velop within the rosette (see reference 
#9), which resembles the j___!!_ vivo state. 
However, the advantage of our isolated 
c e l l sys t em i s that morph o l o g y o f i n d i -
vidual cells isn't masked by large num-
bers of overlying and neighboring cells. 
Reviewer I: What is the percentage of 
photoreceptor cells in the dissociated 
population, and how does this compare 
with the distribution of cells in the 
original tissue? 
Authors: Roughly, we calculated that 
about 40% of all viable cells in our 
study were photoreceptor ce 11 s. This is 
a considerably higher percentage than 
SEM of Differentiating Photoreceptors In Vitro 
Figure 3. SEM micrograph at low magnification of 
culture glass 1 day after colchicine treatment. Note 
photoreceptor cells (arrowheads) and other cells grow-
ing singly. 
Figure 4. Group of 4 retinal cells. At least 2. of these 
cells can be identified as cones because they have a 
hyperreflective oil droplet (arrows) at one end. The 
other cells have many filopodial processes associated 
with them and, due to lack of an axonal process, may 
also be differentiating photoreceptor cells. 
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Figure 5. Differentiating cone cell. Note the oil 
droplet (0) and filopodial processes (F) extending from 
the cell's apical end. At the other end of the cell is a 
synaptic pedicle-like process (S) and neurite. 
Figure 6. Differentiating cone cell. Membranous 
material (arrow) is emanating from the cell, apical to 
the oil droplet (0). Further development of the syn-
aptic end (S) of the cell has also occurred. 
Figure 7. Advanced stage of differentiation in 2. cone 
cells. Note the membranous sacs (*) emanating from 
the cells' apical ends, distal to the oil droplet (0). 
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would have differentiated into this cell 
type __i__!!_ vivo; the overwhelming majority 
of nuclei in the El0-posthatch chick 
retina are in the inner nuclear layer. 
We have no explanation for the apparent 
higher survival rate of photoreceptor 
cells. 
Reviewer IV: In culture, do rods and 
cones develop in equivalent numbers? Do 
you have any indications of a differ-
en ti al survival rate for rods or cones 
in culture? 
Authors: In vivo, chicken cones out-
number rods-by~out 4: 1. We did not 
quantify the proportion of these in our 
system, however, we were able to iden-
tify cones more easily than rods because 
of the presence of an oil droplet, which 
rods do not have. Cones can therefore 
be i dent i f i e d at a much ear 1 i er s t age 
than rods and, for this reason, we con-
centrated our study on cone cell differ-
entiation. 
Reviewer III: Have you prepared and 
looked at TEM preparations of these 
cultured photoreceptor cells? If so, 
have you obtained optimal specimen prep-
aration when TEM specimens are observed? 
Authors: Yes, we embedded pieces of 
each coverslip of cells for TEM and 
found that specimen preservation was 
more optimal than in SEM. One point to 
add concerning this, is that the mem-
branous sacs noted in Figure 7 were seen 
to emanate from a ciliary stalk and 
therefore are rudimentary outer segment 
membranes. This has been shown in de-
tail in Spoerri et al. (text ref. 11). 
Reviewer III: In your estimation, what 
are the functions of calycal processes? 
Authors: Most obviously the calycal 
processes increase the surface area of 
the photoreceptor cell and therefore may 
be involved in exchange of metabolites 
and/or carrier proteins between inner 
segment and sub-retinal space. However, 
their proximity to the basal discs of 
the outer segment suggests that they may 
play a role in disc morphogenesis. The 
calycal processes resemble a circle of 
fence posts around the outer segment 
base. As such, they may restrict growth 
of the basal disc and "tell it" to stop 
evaginating and begin to internalize. 
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